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(54) Apparatus and methods for locating tools In subterranean wells 

(57) A temporary no-go assembly (100) for use in 
locating a downhole tod at a predetermined target 
depth in a well. The assembly comprises a no-go sleeve 
(106) for interfacing with a no-go shoulder (102) in a 
casing (104) and an actuating system for releasing the 
assembly (100) from the no-go sleeve (106). 
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Description 

[0001] The present invention pertains to the drilling 
and completion of subterranean wells, and, more partic- 
ularly, to apparatus and methods for precisely locating 
tools relative to a predetermined target depth in such 
wells. Still more particularly, the present invention per- 
tains to improved apparatus and methods for precisely 
locating tools relative to a predetermined target depth in 
offshore, multilateral wells drilled from a floating drilling 
rig. 

[0002] Before running certain critical down hole proc- 
esses during the drilling or completion of a subterra- 
nean well, one must first determine the target depth for 
the process. Once this target depth is determined, a 
downhole tool is typically run into the well and located at 
the target depth within a specif ic tolerance. When drill- 
ing on-shore wells or when drilling from a fixed platform 
offshore, conventional tools such as a gamma ray sur- 
vey tool or a collar tog are typically utilized in order to 
position a downhole tool relative to the predetermined 
target depth. When the gamma ray survey tool indicates 
that the downhole tool is at the proper depth, the tool is 
typically fixed at this depth using a conventional anchor- 
ing system, such as a packer. 

[0003] FIG. 1 illustrates a conventional floating drilling 
rig or "floater" 10. Floater 10 generally comprises a drill- 
ing rig 12, a semi-submersible 14. and a casing 16. 
Semi-submerstole 14 floats on, and supports drilling rig 
12 proximate to, the surface of ocean 18. Although not 
shown in FIG. 1, semi-submersible 14 is anchored to a 
surface 20 of ocean floor 22 by conventional anchoring 
means. Casing 16 extends from drilling rig 12, through 
ocean 18, and into ocean floor 22. A predetermined tar- 
get depth 24 within ocean floor 22 has been determined 
for a downhole process. 

[0004] When drilling offshore from conventional floater 
10, it is extremely difficult, and sometimes imposstole, 
for conventional equipment such as a gamma ray sur- 
vey tool to accurately Indicate the depth of a downhole 
tool relative to target depth 24. This problem occurs 
because, in contrast to on-shore drilling or offshore drill- 
ing from a fixed platform, waves on the surface of ocean 
18 continually move semi-submersible 14, and a work 
string supporting a downhole tool within casing 16, in a 
vertical direction. 

[0005] One conventional technique used to address 
this problem is illustrated in FIG. 2. As shown in FIG. 2, 
casing 16 has been installed in a wellbore 26 within 
ocean floor 22. Casing 1 6 has been formed with a no-go 
shoulder 30. In addition, a work string 28 has been 
formed with a fixed no-go sleeve 32. A downhole tool 34 
and a conventional mechanically or hydraulicaily actu- 
ated anchoring system 36, such as a packer, have been 
coupled to work string 28 below fixed no-go sleeve 32. 
[0006] Work string 28 is run into casing 16 until fixed 
no-go sleeve 32 rests on no-go shoulder 30. If anchor- 
ing system 36 is solely hydraulicaily set, downhole tool 



34 is located at target depth 24 when fixed no-go sleeve 
32 is resting on no-go shoulder 30. 
[0007] With a hydraulicaily actuated anchoring system 
36, work string 28 is pressured up to set anchoring sys- 

5 tern 36. However, this hydraulic pressure often causes a 
"ballooning effect" in work string 28, resulting in work 
string 28 stretching several inches below no-go shoul- 
der 30. Such stretching moves downhole tool 34 several 
inches from its desired target depth 24, potentially 

10 endangering the success of the downhole process to be 
performed by downhole tool 34. This ballooning effect 
may also place portions of work string 28 in residual 
tension or compression. When work string 28 is pres- 
sured down after anchoring system 36 Is set. Ins resid- 

is ual tension and compression is transferred to, and may 
damage, downhole tool 34. 

[0008] To set a mechanically actuated anchoring sys- 
tem 36, work string 28 is first lifted above no-go shoul- 
der 30, as indicated by position 38 of fixed no-go sleeve 

20 32 shown in dashed fines in FIG. 2. This lifting attempts 
to locate downhole tool 34 exactly at target depth 24. 
Some work string weight is then used to set anchoring 
system 36, such as, by way of example, releasing ten- 
sion in the conventional rig hoist system on semi-sub- 

25 mersible 14 supporting work string 28. As will be 
appreciated by one skilled in the art, such lifting of no- 
go sleeve 32 Is necessary so that the setting force is 
transmitted to anchoring system 36 instead of no-go 
shoulder 30. However, due to inaccuracies involved in 

30 such lifting, downhole tool 34 may not be positioned 
exactly at target depth 24. This potential problem 
endangers the success of the downhole process to be 
performed by downhole tool 34. 
[0009] Of course, with an anchoring system 36 that is 

35 initially hydraulicaily and then fully mechanically set. all 
of the above-described problems may occur. 
[0010] Therefore, a need exists in the petroleum 
industry for improved apparatus and methods for pre- 
cisely locating downhole tools relative to a predeter- 

40 mined target depth in offshore wells drilled from 
afloating drilling rig. One specific application that 
requires repeated, precision locating of a downhole tool 
relative to a predetermined target depth, and thus is 
particularly susceptible to the above-described prob- 

45 lems, is the drilling and completion of offshore, multilat- 
eral wells drilled from floating drilling rigs. As used in 
this document, a multilateral well is a well having a sub- 
stantially vertical main wellbore that contains multiple 
wellbores extending generally laterally from the main 

so wellbore. Multilateral weds allow an increase in the 
amount and rate of production by increasing the surface 
area of the wellbores in contact with the reservoir, or 
reservoirs Thus, multilateral wells are becoming 
increasingly important, both from the standpoint of new 

55 drilling operations and from the reworking of existing 
wellbores, including remedial and stimulation work. 
[0011] The problem of lateral wellbore (and particu- 
larly multilateral wellbore) completion has been recog- 
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nized for many years, as reflected in the patent 
literature. For example, US. Patent. No. 4,807,704 dis- 
closes a system for completing multiple lateral well- 
bores using a dual packer and a deflective guide 
member. U.S. Patent No. 2,797,893 discloses a method s 
for completing lateral wells using a flexible liner and 
deflecting tool. U.S. Patent No. 2,397,070 similarly 
describes lateral wellbore completion using flexible cas- 
ing together with a closure shield tor closing off the lat- 
eral. In U.S. Patent No 2,858,107, a removable 10 
whipstock assembly provides a means for locating (e.g. 
accessing) a lateral subsequent to completion thereof. 
U.S. Patent Nos. 4,396,075; 4,415,205; 4,444,276; and 
4,573,541 all relate generally to methods and devices 
for multilateral completions using a template or tube 75 
guide head. Other patents of general interest in the field 
of horizontal well completion include U.S. Patent Nos. 
2,452.920 and 4,402.551 . 

[0012] More recently, U.S. Patent Nos. 5,318,122; 
5,353.876; 5,388,648; and 5,520,252 have disclosed 20 
methods and apparatus for sealing the juncture 
between a vertical well and one or more horizontal 
wells. In addition, U.S. Patent No 5,564,503 discloses 
several methods and systems for drilling and complet- 
ing multilateral wells. Furthermore, U.S. Patent Nos. 25 
5,566,763 and 5,613,559 both disclose decentralizing, 
centralizing, locating, and orienting apparatus and 
methods for multilateral well drilling and completion. 
[0013] Notwithstanding the above-described efforts 
toward obtaining cost-effective and workable multilat- 30 
era! well drilling and completions, a need still exists for 
improved apparatus and methods for precisely locating 
toots relative to a predetermined target depth In off- 
shore, multilateral wells drilled from a floating drilling rig. 
[001 4] One aspect of the present invention comprises 3$ 
a temporary no-go assembly for use in locating a down- 
hole tool at a predetermined target depth in a casing. 
The casing has a no-go shoulder. The temporary no-go 
assembly includes a no-go sleeve for interfacing with 
the no-go shoulder, and an actuating system for releas- ao 
ing the assembly from the no-go sleeve. 
[001 5] In another aspect, the present invention com- 
prises a method of locating a downhole tool at a prede- 
termined target depth in a wen. A no-go shoulder is 
formed in a casing. A downhole tool, an anchoring sys- 45 
tern, and a temporary no-go assembly are coupled to a 
work string. The temporary no-go assembly includes a 
no-go sleeve for interfacing with the no-go shoulder, and 
an actuating system for releasing the assembly from the 
no-go sleeve. The work string is run into the casing unto so 
the no-go sleeve rests on the no-go shoulder. 
[001 6] The no-go sleeve may have a first slot formed 
therein. The assembly may also include a mandrel dis- 
posed within the no-go sleeve that has a second slot 
formed therein proximate the first slot The actuating ss 
system may include an inner mandrel disposed within 
the mandrel. The inner mandrel may have a first end 
with a first cross-sectional area and a second end with 



a second cross-sectional area smaller than the first 
cross-sectional area. The actuating system may further 
include a lug disposed within the first and second slots, 

[001 7] A f irst portion of the no-go sleeve may have an 
external surface which may allow fluid to bypass the no- 
go sleeve when the no-go sleeve interfaces with the no- 
go shoulder. 

[001 8] The assembly may further comprise a plurality 
of the first slots spaced around the circumference of the 
external surface, a plurality of the second slots formed 
in the mandrel proximate the first slots and a plurality of 
Jugs disposed within the first and second slots. 
[001 9] The mandrel may further comprise a first cou- 
pling mechanism at an upper end thereof for removably 
engaging with a work string, and a second coupling 
mechanism at a lower end of the mandrel for removably 
engaging with the work string. 
[0020] The method may further comprise the steps of 
transferring woj^^irjg^wetght to positively locate the 
no-go sleeve on the no-go shoulder and pressuring the 
work string to initially set the anchoring system and 
increasing a pressure in the work string so that the inner 
mandrel slides relative to the mandrel. The work string 
may be pressured so as to fully set the anchoring sys- 
tem and to cause the inner mandrel to slide relative to 
the mandrel. The sliding of the inner mandrel preferably 
causes the actuating system to retract the lug from the 
first slot. 

[0021] In an embedment, the actuating system may 
comprise a lug recess formed in an external surface of 
the inner mandrel proximate the second slot and a cam 
surface running from a lower end to an upper end of the 
lug recess. The lug may comprise a head and a retain- 
ing web extending radially inward from the head for slid- 
ably engaging with the cam surface. The cam surface 
may comprise a groove running from the lower end of 
the lug recess to the upper end of the lug recess, and 
the retaining web may comprise a flange for interfacing 
with the groove. In this embodiment the sliding of the 
inner mandrel may cause fte cam surface to retract the 
lug from the first slot In this embodiment, the method 
preferably includes the step of transferring additional 
work string weight to fully set the anchoring system. 
[0022] In an embodiment, the actuating system com- 
prises a contacting area on an external surface of the 
inner mandrel for abutting against the lug and an annu- 
lar recess on the external surface proximate the con- 
tacting area In this embodiment the sliding of the inner 
mandrel may dispose the annular recess opposite the 
lug. The actuating system may further comprise a 
spring disposed in the first slot proximate the lug, and 
the method may further comprise removing work string 
weight from the no-go sleeve to allow the spring to move 
the lug out of the first slot and transferring work string 
weight to fully set the packer. The actuating system may 
further comprise a spring retaining member disposed in 
the first slot between the lug and the spring. 
[0023] In a further aspect, the present invention com- 
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prises a temporary no-go assembly tor use in locating a 
downhoie tool at a predetermined target depth in a cas- 
ing. The casing has a landing nipple. The temporary no- 
go assembly includes a key for engaging the nipple, and 
a key retractor for retracting the key from the nipple. s 
[0024] In a further aspect the present invention com- 
prises a method of locating a downhoie tool at a prede- 
termined target depth in a well. A landing nipple is 
formed in a casing. A downhoie tool, an anchoring sys- 
tem, and a temporary no-go assembly are coupled to a 10 
work string. The temporary no-go assembly includes a 
key for engaging the nipple, and a key retractor for 
retracting the key form the nippla The work string is run 
into the casing until the key engages the nipple. 
[002$] In a further aspect the present invention com- is 
prises a temporary no-go assembly for use in locating a 
downhoie tool at a predetermined target depth in a cas- 
ing. The casing has a no-go shoulder. The temporary 
no-go assembly includes a key for interfacing with the 
ng T go.shoulder, and a key retractor for retracting the key 20 
frorrTthe no-go shoulder. 

[0026] In a further aspect the present invention com- 
prises a method of locating a downhoie tool at a prede- 
termined target depth in a weO. A no-go shoulder is 
formed in a casing. A downhoie tool, an anchoring sys- 2s 
tern, and a temporary no-go assembly are coupled to a 
work string. The temporary no-go assembly includes a 
key for engaging the no-go shoulder, and a key retractor 
for retracting the key form the no-go shoulder. The work 
string is run into the casing until the key engages the no- 30 
go shoulder. 

[0027] The assembly may also include a mandrel and 
an inner mandrel disposed within the mandrel. The 
inner mandrel may have a first end with a first cross- 
sectional area and a second end with a second cross- ss 
sectional area smaller than the first cross-sectional 
area. The key retractor may be coupled to the inner 
mandrel, and the key may be cfisposed in the mandrel. 
[0028] A first portion of the mandrel may have an 
external surface, and the assembly may further com- 40 
prise a plurality of the key retractors spaced around the 
circumference of the external surface and coupled to 
the inner mandrel; and a plurality of the keys disposed in 
the mandrel for cooperating with the key retractors. 
[0029] The mandrel may further comprise a first cou- 45 
pling mechanism at an upper end thereof for removably 
engaging with a work string, and a second coupling 
mechanism at a lower end of the mandrel for removably 
engaging with the work string. 

[0030] The method may further comprise the steps of so 
transferring work string weight to positively locate the 
key on the nipple or the no-go shoulder, pressuring the 
work string to initially set the anchoring system and 
increasing a pressure in the work string so that the inner 
mandrel slides relative to the mandrel. The sliding of the ss 
inner mandrel may cause the key retractor to retract the 
key from engagement with the nipple or the no-go 
shoulder. The work string may be pressured to fully set 



the anchoring system and to slide the inner mandrel rel- 
ative to the mandrel. 

[0031] The key retractor may comprises a retaining 
web portion coupled to the inner mandrel and a retrac- 
tor arm. The key may comprise a cam surface for coop- 
erating with the retractor arm; and a tooth for engaging 
the nipple or a portion for interfacing with the no-go 
shoulder. The sliding of the inner mandrel may cause 
the retractor arm and the cam surface to retract the 
tooth from engagement with the nipple or the no-go 
shoulder. In this embodiment it is preferred that the 
method further comprises the step of transferring addi- 
tional work string weight so as to fully set the anchoring 
system. 

[Q032] In all the aspects of the invention, the well may 
be drilled from a floating drilling rig. In afl the aspects of 
the invention, the well may be a multilateral well. 
[0033] Reference is now made to the accompanying 
drawings, in which: 



FIG. 1 is a schematic illustration of a conventional 
floating drilling rig; 

FIG. 2 is an enlarged, schematic cross-sectional 
view of a conventional no-go shoulder and sleeve 
utilized in connection with the conventional floating 
drilling rig of FIG. 1; 

FIG. 3 is an enlarged, schematic, cross-sectional 
view of a temporary no-go assembly resting on a 
no-go shoulder within a main weilbore casing 
according to a first preferred embodiment of the 
present invention; 

FIG. 4 is a top sectional view of FIG. 3 along line 4- 
4; 

FIG. 5 is a schematic, cross-sectional view of a 
main weilbore in a multilateral well showing a 
packer, hollow whipstock, starter mill pilot lug, and 
associated structures used for drilling a lateral well- 
bore from the main weilbore and that may be pre- 
cisely located relative to a predetermined target 
depth using the temporary no-go assembly of the 
present invention; 

FIG. 6 is a schematic, cross-sectional view of the 
main weilbore of FIG. 5 showing a starter mill used 
to form a window in the main weilbore casing; 
FIG. 7 is a schematic cross-sectional view of a 
junction between the main weilbore and a lateral 
weilbore in a multilateral well showing a mill anchor, 
mill guide, and miO used for completing the junction 
and that may be precisely located relative to a pre- 
determined target depth using the temporary no-go 
assembly of the present invention; 
FIG. 8 is a schematic cross-sectional view of the 
junction of FIG. 7 showing the drilling of the hollow 
whipstock in order to reopen a fluid communicating 
passage through the main weilbore; 
FIG. 9 is an enlarged, schematic, cross-sectional 
view of a temporary no-go assembly resting on a 
no-go shoulder within a main weilbore casing 
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according to a second preferred embodiment of the 
present invention; 

FIG. 10 is a top sectional view of FIG. 9 along line 
10-10; 

FIG. 1 1 is an enlarged, schematic, cross-sectional 
view of a temporary no-go assembly engaged with 
a landing nipple within a main wellbore casing 
according to a third preferred embodiment of the 
present invention; 

FIG. 1 2 is atop sectional view of FIG. 1 1 along line 
12-12; 

FIG. 13A is an enlarged, schematic, side view of 
the key of the temporary no-go assembly of FIG. 

11: 

FIG. 13B is an enlarged, schematic, perspective 
view of the key of the temporary no-go assembly of 
FIG. 11; 

FIG. 14 is an enlarged, schematic cross-sectional 
view of a temporary no-go assembly resting on a 
no-go "shoulder within a main wellbore casing 
according to a fourth preferred embodiment of the 
present invention; and 

FIG. 15 is a top. sectional view of FIG.' 14 along line 
15-15. 

[0034] The preferred embodiments of the present 
invention and their advantages are best understood by 
referring to FIGS. 1-15 of the drawings, like numerals 
being used for like and corresponding parts of the vari- 
ous drawings. 

[0035] Referring first to FIGS. 3 and 4, a temporary 
no-go assembly 100 resting on a no-go shoulder 102 
within a main wellbore casing 104 according to a first 
preferred embodiment of the present invention is illus- 
trated. Above no-go shoulder 102, main wellbore casing 
104 has an inner diameter 105a. Below no-go shoulder 
102, main wellbore casing 104 has an inner diameter 
105b, which is smaller than inner diameter 105a. No-go 
shoulder 102 is preferably conical. 
[0036] Temporary no-go assembly 100 generally 
includes a no-go sleeve 106, a mandrel 108 disposed 
within no-go sleeve 106, and an inner mandrel 110 dis- 
posed within mandrel 108. No-go sleeve 106 preferably 
has an external surface 1 12, a generally cylindrical axial 
bore 114, and a conical bottom 115. Conical bottom 115 
engages no-go shoulder 102 to prevent further down- 
ward movement of no-go sleeve 106 within main well- 
bore casing 104. As shown best in FIG. 4, external 
surface 112 preferably has a generally hexagonal 
geometry. Hexagonal external surface 112 may be 
formed by machining flats 1 12a on a generally cylindri- 
cal surface. Flats 1 1 2a do not fully engage the inner wall 
of casing 104 at inner diameter 105b, allowing fluid to 
bypass no-go sleeve 106 when it is resting on no-go 
shoulder 102. Of course, although not shown in FIGS. 3 
and 4, external surface 112 may alternatively have a 
cylindrical or other polygonal geometry. Axial bore 114 
is preferably lined with a conventional wear resistant 



material such as bronze to prevent galling against man- 
drel 108 or, as is explained in greater detail hereinbelow, 
a work string supporting a down hole tod. 

[0037] No-go sleeve 1 06 also includes slots 116 that 
5 are preferably formed proximate its upper end and that 
are preferably evenly spaced around Hs circumference. 
Slots 116 open to axial bore 114. Slots 116 have a 
geometry designed to receive lugs 118. When external 
surface 112 has a generally hexagonal 6hape, one of 
10 slots 116 are preferably formed on each of flats 112a. 
No-go sleeve 106 also includes transverse ports 120a 
and 120b tor providing access to shear pins 122a and 
122b. 

[0038] Mandrel 108 preferably has a generally cylin- 
18 drical external surface 124 and a generally cylindrical 
axial bore 126. Mandrel 108 has threads 128 on its 
upper end for removably engaging with a tool joint 130. 
Tool joint 130 couples mandrel 108 to a work string (not 
shown) in the conventional manner. Mandrel 106 also 
20 has threads 132 on its lower end for removably engag- 
ing with a tool joint in a work string {not shown) in the 
conventional manner. Mandrel 108 has an annular 
shoulder 134 on axial bore 126. Mandrel 108 has a 
annular shoulder 136 on external surface 124 for sup- 
25 porting no-go sleeve 1 06 as temporary no-go assembly 
100 travels through main wellbore casing 104, and for 
removing no-go sleeve 106 after ft has been released 
from temporary no-go assembly 100, as is described 
hereinbelow. 

30 [0039] Mandrel 108 also includes slots 138 for receiv- 
ing lugs 118. Slots 138 are located around the circum- 
ference of mandrel 108 so as to cooperate with slots 
116 of no-go sleeve 106. Mandrel 108 includes 
threaded ports 140a and 140b for engaging shear pins 

35 122a and 122b and mandrel 108 also includes trans- 
verse ports 142a and 142b for providing access to 
shear pins 122a and 122b. 

[0040] Inner mandrel 110 preferably has a generally 
cylindrical external surface 144 and a cylindrical axial 

40 bore 146. External surface 144 has an upper portion 
148 and a lower portion 150 having a smaller outer 
diameter than the outer diameter of upper portion 148. 
Therefore, upper portion 148 has a larger cross-sec- 
tional area Au than a cross-sectional area Al of lower 

45 portion 1 50. An annular shoulder 1 52, which is for mat- 
ing with annular shoulder 134 of mandrel 108, divides 
upper portion 148 and lower portion 150. Inner mandrel 
1 10 includes threaded ports 153a and 153b for engag- 
ing shear pins 122a and 122b. O-rings 154 and 156 flu- 

so idly seal inner mandrel 1 10 to axial bore 126 of mandrel 
108, and O-rings 1 58 and 1 60 f luidly seal inner mandrel 
1 10 to axial bore 126 of mandrel 108. 
[0041] Inner mandrel 110 has lug recesses 162 for 
receiving lugs 118. Lug recesses 162 are located 

55 around the circumference of inner mandrel 1 10 so as to 
cooperate with slots 1 16 of no-go sleeve 106 and slots 
138 of mandrel 108. Each of recesses 162 includes a 
cam surface 164 running from slot 138 to a stop 166. As 
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shown best in FIG. 4, cam surface 164 includes a T slot 
or dovetail groove 167 running from slot 138 to stop 
166. Each of lugs 118 includes a head 168, a retaining 
web 1 70 extending radially inward from head 1 68, and a 
flange 172 located on the end of retaining web 170 
opposite head 168. Range 172 is sBdaMy engaged 
within T slot 167 along cam surface 164. 

[0042] As described hereinabove, a specific need 
exists in the petroleum industry for precision locating of 
downhole tools relative to a predetermined target depth 
in offshore wells, and particularly in offshore, multilat- 
eral weDs. drilled from floater 1 0. FIGS. 5 and 6 illustrate 
one such need, the precision locating of a packer, hol- 
low whipstock, and starter mill pilot lug used for drilling 
a lateral weilbore from a main wellbore in a multilateral 
wen drilled from floater 10. FIQS. 7 and 8 illustrate a 
second such need, the precision locating of a mill 
anchor, mill guide, and mill used during the completion 
of the junction between a lateral wellbore and a main 
wellbore in a multilateral well drilled from floater 10. 



[0043] In the overall process of drilling and completing 
a lateral in a multilateral well from a floater 10. one of 
the steps involved is creating a window in the main well- 
bore casing 104 at a particular target depth 24a. Refer- 
ring to FIG. 5, a portion of main wellbore casing 104 
installed in main wellbore 200 within ocean floor 22 is 
illustrated. It is desired to create a window in main well- 
bore casing 1 04 at target depth 24a from which a lateral 
wellbore (not shown) may be drilled and completed. 
Therefore, an orientation nipple 202, a packer 204, a 
hollow whipstock 206, and a starter mill pilot lug 208 are 
coupled together and run into main wellbore casing 1 04 
using a hollow whipstock running tool 210 and orienta- 
tion sub 212 coupled to a work string (not shown). Cer- 
tain portions of such a work string are disclosed in U.S. 
Patent Nos. 5,613,559, 5,566.763 and 5,501,281. Once 
pilot lug 208 is precisely located at target depth 24a, 
packer 204 is set, work string 16 is pulled upward to 
shear shear stud 21 4, and running tool 210 and orienta- 
tion sub 212 are removed from main wellbore casing 
104. Then, as shown in FIG. 6, a starter mill 214 is run 
into main wellbore casing 104 until it contacts pilot lug 
208. Pilot lug 208 forces mill 214 radially outward so as 
to cut a window within main wellbore casing 104 at tar- 
get depth 24a. 

[0044] During the completion of a lateral drilled in 
main wellbore casing 104, one of the steps is to rees- 
tablish fluid communication through main wellbore cas- 
ing 104 after a liner has been installed into the lateral 
wellbore and cemented into place. Referring to FIG. 7, a 
junction 216 between main wellbore 200 and a lateral 
wellbore 218 in a multilateral well drilled in ocean floor 
22 is illustrated. A window 219 has been cut in main 
wellbore casing 104 as described hereinabove. After 
the drilling of lateral weflbore 218 using a series of mills 
and hollow whipstock 206, a liner 220 has been 
installed in lateral welbore 218 and cemented into 
place. However, liner 220 extends into main wellbore 



casing 1 04 up to a point 220a, and residual cement (not 
shown) may exist within this portion of liner 220. There- 
fore, a mill anchor 222, a mill guide 224, and a skirted 
mil 1. 226 are run into liner 220 using a work string 227. 

5 Once mill anchor 222 and mill guide 224 are precisely 
located at target depth 24b, milt anchor 222 is set 
against an Inner wall of Oner 220, and skirted mill 226 is 
used to initiate the milling of liner 220. Work string 227 
is then pulled top hole. Next, as shown in FIG. 8, a mfll- 

10 ing assembly consisting of mills 228 and 229 is then run 
into mill anchor 222 and mill guide 224 using work string 
230. Mills 228 and 229 are used to drill completely 
through liner 220, any residual cement and an internal 
portion 231 of hollow whipstock 206. If mill anchor 222 

is and mill guide 224 are precisely located, fluid communi- 
cation can thus be reestablished within main wellbore 
casing 104 without damaging any surrounding structure 
within junction 21 6. 

[0045] As win be appreciated by one skilled in the art. 

r2o^precision locating of pilot lug 208 at target depth 24a, 
and precision locating of mill anchor 222 and mill guide 
224 at target depth 24b, are critical to the success of Die 
above-described multilateral drilling and completion 
operations. However, as described hereinabove, such 

25 precision locating is extremely difficult using conven- 
tional techniques when the multilateral well is drilled 
from floater 10. 

[0046] Temporary no-go assembly 100 may be easily 
used to provide such precision location. Referring to 

30 FIQS. 3, 4, 5. and 6 in combination, temporary no-go 
assembly 1 00 may be coupled on the work string having 
orientation nipple 202. packer 204, hollow whipstock 
206, pilot lug 208, running tool 210, and orientation sub 
212, preferably via threads 132. The depth of no-go 

35 shoulder 102, and thus the relative distance between 
no-go shoulder 102 and target depth 24a, are known. 
Therefore, the work string may be formed so that pilot 
lug 208 is positioned at target depth 24a when no-go 
sleeve 106 is resting on no-go shoulder 102. Packer 204 

40 is preferably a packer which Is initially hydraulicafly set 
with a relatively low pressure, and is then fully set with a 
relatively high mechanical force created by transferring 
weight from the rig hoist system supporting the work 
string and/or additional hydraulic pressure. 

45 [0047] When no-go sleeve 106 Is resting on no-go 
shoulder 102, the following steps are preferably per- 
formed to precisely locate pilot lug 208 at target depth 
24a. First, using conventional techniques, the work 
string, no-go sleeve 106, and pilot lug 208 are oriented 

so to the desired relationship with the high side of main 
wellbore 200 by orientation sub 212 and a wire-line sur- 
vey tool or work string conveyed measurement while 
drilling (MWD) tool. Second, some work string weight is 
used to cause no-go sleeve 106 to bear down on no-go 

55 shoulder 102, such as, by way of example, releasing 
tension in the conventional rig hoist system on semi- 
submersible 1 4 supporting the work string. This transfer 
of work string weight positively locates temporary no-go 
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assembly 100 axially and rotationally. This transfer of 
work string weight also loads lugs 1 18. and as lugs 118 
are received within slots 138 of mandrel 108 and dots 
116 of no-go sleeve 106, no-go sleeve 106, mandrel 
108. and inner mandrel 110 are prevented from moving 
axially or rotationally relative to one another. Third, the 
orientation of the work string and thus pilot lug 208 
within main weilbore casing 104 are verified to be within 
a specif ied range. Fourth, the work string is pressured 
up so as to perform the initial setting of packer 204. The 
pressure necessary to perform this initial setting is pref- 
erably low enough so as to minimize or eliminate any 
"ballooning effect" and/or stretching of the work string 
below no-go shoulder 102. Fifth, the pressure in the 
work string is increased, and a pressure differential cre- 
ated by the varying cross-sectional areas Au and AJ of 
inner mandrel 110 causes inner mandrel 110 to begin 
sliding downward within mandrel 108. As inner mandrel 
110 begins to slide downward, shear pins 122a and 
122b are sheared, and cam surfaces 164 of lug 
recesses 162 cause lugs 1 18 to be retracted from slots 
116 in no-go sleeve 106. When lugs 118 are fully 
retracted, annular shoulder 152 of inner mandrel 110 
rests against annular shoulder 134 of mandrel 108, and 
lugs 118 are unloaded. Sixth, additional work string 
weight is transferred from the rig hoist system to fully set 
packer 204. As will be appreciated by one skilled in the 
art such weight is transmitted through mandrel 108, 
past no-go shoulder 102. and eventually to packer 204 
because of the retraction and unloading of lugs 118. 
Alternatively, if packer 204 is solely hydraulicafly set the 
work string may be pressured up to a point where lugs 
1 18 are retracted and packer 204 is fully set in a single 
step. 

[0048] As will also be appreciated by one skilled in the 
art the work string weight transferred to no-go sleeve 
1 06 may be removed after packer 204 is initially set but 
before lugs 118 are retracted, rf desired. As will further 
be appreciated by one skilled in the art the orientation 
of inner mandrel 110, and the associate structure of 
mandrel 108. may be reversed or turned "upside down" 
from the orientation shown in FIG. 3. Therefore, upon 
appropriate pressurization of the work string, inner 
mandrel 110 may slide upward, instead of downward, 
within mandrel 1 08 so as to retract and unload lugs 118. 
[0049] Significantly, unlike conventional fixed no-go 
sleeve 32 of FIG. 2, it is not necessary to lift temporary 
no-go assembly 100 above no-go shoulder 102 so as to 
fully set packer 204. Therefore, temporary no-go 
assembly 100 avoids the inaccuracies associated with 
such lifting that would endanger the successful milling 
of a window in main weilbore casing 104 exactly at tar- 
get depth 24a. In addition, unlike conventional fixed no- 
go sleeve 32 of FIG. 2, the work string may be moved 
down hole past no-go shoulder 102 without bringing the 
work string top hole to remove temporary no-go assem- 
bly 100 The ability to not have to remove temporary no- 
go assembly 100 allows mining or other down hole oper- 



ations to proceed and minimizes the number of work 
string trips into the well. 

[0050] Referring now to FIGS. 3, 4, 7. and 8 in combi- 
nation, temporary no-go assembly 100 may be coupled 

5 to work string 227 having mill anchor 222 and mil) guide 
224, preferably via threads 132. The depth of no-go 
shoulder 102, and thus the relative distance between 
no-go shoulder 102 and target depth 24b, are known. 
Therefore, the work siring may be formed so that mill 

10 anchor 222 is positioned at target depth 24b when no- 
go sleeve 106 is resting on no-go shoulder 102. 
[0051] Mill anchor 222 is preferably initially hydrauti- 
cally set with a relatively low pressure, and is then fully 
set with a relatively high mechanical force created by 

16 transferring weight from the rig hoist system supporting 
the work string. Alternatively, mill anchor may be solely 
hydraulicaHy set Therefore, using procedures substan- 
tially identical to the procedures described above in 
conn ection with pilot lug 208, temporary no-go assem- 

20 bly~T OOlmay be used to precisely locate mill anchor 222 
exactly at target depth 24b, without the above-described 
disadvantages of conventional fixed no-go sleeve 32 of 
FIG. 2. 

[0052] Referring to FIGS. 9 and 10. a temporary no- 
25 go assembly 300 resting on no-go shoulder 102 within 
main weilbore casing 104 according to a second pre- 
ferred embodiment of the present invention is illus- 
trated. Temporary no-go assembly 300 generally 
includes a no-go sleeve 306, a mandrel 308 disposed 
30 within no-go sleeve 306, and an inner mandrel 31 0 dis- 
posed within mandrel 308. 

[0053] No-go sleeve 306 preferably has an upper por- 
tion 306a and a lower portion 306b that are preferably 
connected via screws 312a and 312b. Upper portion 

35 306a has a generally cylindrical external surface 318. 
Lower portion 306b has a generally cylindrical external 
surface 31 6 on its upper end, near upper portion 306a. 
As shown best in FIG. 1 0, lower portion 306b preferably 
has an external surface 314 with a generally hexagonal 

40 geometry on its lower end. Hexagonal external surface 
314 may be formed by machining flats 314a on a gener- 
ally cylindrical surface. Lower portion 306b also has a 
generally conical bottom 315. Conical bottom 315 
engages no-go shoulder 102 to prevent further down- 

45 ward movement of no-go sleeve 306 within main weil- 
bore casing 104. Rats 314a do not fully engage the 
inner wall of casing 1 04 at inner diameter 1 05b, allowing 
fluid to bypass no-go sleeve 306 when it is resting on 
no-go shoulder 102. Of course, although not shown in 

so FIGS. 9 and 10. external surface 314 may alternatively 
have a cylindrical or other polygonal geometry. 
[0054] No go-sleeve 306 preferably has a generally 
cylindrical axial bore 320. Axial bore 320 is preferably 
lined with a conventional wear resistant material such 

55 as bronze to prevent galling with mandrel 308 or a work 
string supporting a downhoie tool. 
[0055] No-go sleeve 306 also includes slots 322 that 
are preferably evenly spaced around its circumference. 
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Each of slots 322 preferably extends from a shoulder 
324 of lower portion 306b to a spring retaining end 326 
of upper portion 306a. Each of slots 322 opens to axial 
bore 320 but preferably does not extend through to 
external surfaces 314 or 316. Each of slots 322 has a 5 
geometry designed to receive a lug 328, a lower spring 
retaining member 330 that abuts an upper surface of lug 
328, and a spring 332 disposed between spring retain- 
ing end 326 and spring retaining member 330. Spring 
332 is disposed between spring retaining end 326 and 10 
spring retaining member 330 in compression. When 
external surface 314 has a generally hexagonal shape, 
one of slots 322 are preferably formed on each of flats 
314a. No-go sleeve 106 also includes transverse ports 
334a and 334b, which are preferably located in lower 1S 
portion 306b, for providing access to shear pins 336a 
and 336b. 

[0066] Mandrel 308 preferably has a generally cylin- 
drical external surface 338 and a generally cylindrical 
axial bore 340. Mandrel 308 has threads 342 on its 20 
upper end for removably engaging with a tool joint 344. 
Tool joint 344 couples mandrel 308 to a work string (not 
shown) in the conventional manner. Mandrel 308 also 
has threads 346 on Hs lower end for removably engag- 
ing with a tool joint in a work string (not shown) in the 25 
conventional manner. Mandrel 308 has an annular 
shoulder 348 on axial bore 340. Mandrel 308 has a 
annular shoulder 350 on external surface 338 for sup- 
porting no-go sleeve 306 as temporary no-go assembly 
300 travels through main wellbore casing 104, and for so 
removing no-go sleeve 306 after it has been released 
from temporary no-go assembly 300, as is described 
hereinbelow. 

[0057] Mandrel 308 also includes slots 352 for receiv- 
ing lugs 328. Slots 352 are located around the drcum- ss 
ference of mandrel 308 so as to cooperate with slots 
322 of no-go sleeve 306. Each of slots 352 preferably 
includes a shoulder 353 proximate axial bore 340 for 
mating with a retaining lip 329 on each of lugs 328. 
Mandrel 308 includes threaded ports 354a and 354b for 40 
engaging shear pins 336a and 336b, and mandrel 308 
also includes transverse ports 356a and 356b for pro- 
viding access to shear pins 336a and 336b. 
[0058] Inner mandrel 310 preferably has a generally 
cylindrical external surface 358 and a cylindrical axial 45 
bore 360. External surface 358 has an upper annular 
recess 362 and a lower annular recess 364 formed 
therein. Inner mandrel 310 has a larger cross-sectional 
area Au at an upper end 366 than a cross-sectional 
area AJ at a lower end 368. External surface 358 also so 
has an annular shoulder 370 located proximate an 
upper end of annular recess 364 for mating with annular 
shoulder 348 of mandrel 308. External surface 358 fur- 
ther has a contacting area 380, defined by annular 
recesses 362 and 364. Contacting area 380 is for abut- ss 
ting against lugs 328. Inner mandrel 310 includes ports 
371 a and 371b tor engaging shear pins 336a and 336b. 
O-rings 372 and 374 fhiidiy seal inner mandrel 310 to 



axial bore 340 of mandrel 308, and o-rings 376 and 378 
fluidly seal inner mandrel 31 0 to axial bore 340 of man- 
drel 308. 

[0059] Referring to FIGS. 5, 6, 9, and 10 in combina- 
tion, temporary no-go assembly 300 may be coupled on 
the work string having orientation nipple 202, packer 
204, hollow whipstock 206, pilot lug 208, running tool 
210, and orientation sub 212, preferably via threads 
346. The depth of no-go shoulder 102, and thus the rel- 
ative distance between no-go shoulder 102 and target 
depth 24a, are known. Therefore, the work string may 
be formed so that pilot lug 208 is positioned at target 
depth 24a when no-go sleeve 306 is resting on no-go 
shoulder 1 02. Packer 204 is preferably a packer which is 
initially hydrauGcally set with a relatively low pressure, 
and is then fully set with a relatively high mechanical 
force created by transferring weight from the rig hoist 
system supporting the work string and/or additional 
hydraulic pressure. 

[0060] When no-go sleeve 306 is resting c-on:no?go 
shoulder 102, the following steps are preferably per- 
formed to precisely locate pilot lug 208 at target depth 
24a. First, using conventional techniques, the work 
string, no-go sleeve 306, and pilot lug 208 are oriented 
to the desired relationship with the high side of main 
wellbore 200 by orientation sub 212 and a wire-line sur- 
vey tool or work string conveyed MWD tool. Second, 
some work string weight is used to cause no-go sleeve 
306 to bear down on no-go shoulder 102, such as, by 
way of example, releasing tension in the conventional 
rig hoist system on semi-submersible 14 supporting the 
work siring. This transfer of work string weight positively 
locates temporary no-go assembly 300 axially and rota- 
tionaily. This transfer of work string weight also loads 
lugs 328, and as lugs 328 are received within slots 352 
of mandrel 308 and slots 322 of no-go sleeve 306, no- 
go sleeve 306, mandrel 308, and inner mandrel 310 are 
prevented from moving axially or rotational! y relative to 
one another. Third, the orientation of the work string and 
thus pilot lug 208 within main wellbore casing 104 are 
verified to be within a specified range. Fourth, the work 
string is pressured up so as to perform the initial setting 
of packer 204. The pressure necessary to perform this 
initial setting is preferably low enough so as to minimize 
or eliminate any "ballooning effect" and/or stretching of 
the work string below no-go shoulder 102. Fifth, the 
pressure in the work string is increased, and a pressure 
differential created by the varying cross-sectional areas 
Au and A! of inner mandrel 310 causes inner mandrel 
310 to begin sliding downward within mandrel 308. As 
inner mandrel 31 0 begins to slide downward, shear pins 
336a and 336b are sheared. At the same time, contact- 
ing area 380 moves downward, so that annular recess 
362 is opposite lugs 328. and annular shoulder 370 of 
inner mandrel 31 0 rests against annular shoulder 348 of 
mandrel 308. However, lugs 328 remain engaged within 
slots 352 of mandrel 308 and slots 322 of no-go sleeve 
306 due to work string weight on no-go sleeve 306. 
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Sixth, some of the work string weight on no-go sleeve 
306 is removed by increasing the tension on the rig 
hoist system. This decrease in work string weight on no- 
go sleeve 306 is preferably performed gradually so as to 
slowly unload lugs 328. As lugs 328 are unloaded. 5 
springs 332 force spring retaining members 330 down- 
ward, and spring retaining members 330 force lugs 328 
radially inward and out of slots 322 in no-go sleeve 306. 
Seventh, additional work string weight is transferred 
from the rig hoist system to fully set packer 204. As will to 
be appreciated by one skilled in the art such weight is 
transmitted through mandrel 308, past no-go shoulder 
102, and eventually to packer 204 because of the 
removal of lugs 328 from slots 322. 
[0061] As wiD also be appreciated by one 6Wfled in the is 
art the work string may be pressurized to slide inner 
mandrel 310 downward before the initial setting of 
packer 204, if desired. As will further be appreciated by 
one skilled in the art, the orientation of inner mandrel 
&SSSS1S310, and the associated structure of mandrel 308, may 20 
be reversed or turned "upside down" from the orienta- 
tion shown in FIG. 3. Therefore, upon appropriate pres- 
surization of the work string, inner mandrel 310 may 
sGde upward, instead of downward, within mandrel 308. 
[0062] Significantly, unlike conventional fixed no-go 2s 
sleeve 32 of FIG. 2, it is not necessary to lift temporary 
no-go assembly 300 above no-go shoulder 102 so as to 
fully set packer 204. Therefore, temporary no-go 
assembly 300 avoids the inaccuracies associated with 
such lifting that would endanger the successful moling so 
of a window in main wellbore casing 104 exactly at tar- 
get depth 24a. In addition, unlike conventional fixed no- 
go sleeve 32 of FIG. 2. the work string may be moved 
downhole past no-go shoulder 102 without bringing the 
work string top hole to remove temporary no-go assem- 35 
bly 300. The ability to not have to remove temporary no- 
go assembly 300 allows milling or other downhole oper- 
ations to proceed and minimizes the number of work 
string trips into the well. Furthermore, temporary no-go 
assembly 300 exhibits a more gradual unloading of lugs 40 
328, as compared with the unloading of lugs 1 1 8 of tem- 
porary no-go assembly 100. It is believed that such 
gradual unloading of lugs 328 will be advantageous for 
certain downhole processes. 

[0063] Referring now to FIGS. 7, 8. 9. and 10 in com- 45 
bination, temporary no-go assembly 300 may be cou- 
pled to work string 227 having mill anchor 222 and mill 
guide 224, preferably via threads 346. The depth of no- 
go shoulder 102, and thus the relative distance between 
no-go shoulder 102 and target depth 24b, are known, so 
Therefore, the work string may be formed so that mifl 
anchor 222 is positioned at target depth 24b when no- 
go sleeve 306 is resting on no-go shoulder 1 02. 
[0064] Mill anchor 222 is preferably initially hydrauli- 
cafly set with a relatively low pressure, and is then fully ss 
set with a relatively high mechanical force created by 
transferring weight from the rig hoist system supporting 
the work string. Alternatively, mill anchor 222 may be 



solely hydrauiically set. Therefore, using procedures 
substantially identical to the procedures described 
above in connection with pilot lug 208, temporary no-go 
assembly 300 may be used to precisely locate mOI 
anchor 222 exactly at target depth 24b. without the 
above-described disadvantages of conventional fixed 
no-go sleeve 32 of FIG 2. 

[0065] Referring to FIGS. 1 1 and 1 2, a temporary no- 
go assembly 400 for interfacing with a landing nipple 
402 within main wellbore casing 1 04 according to a third 
preferred embodiment of the present invention is illus- 
trated. Nipple 402 preferably has a profile 404 that trav- 
els around the circumference of main wellbore casing 
1 04. Prof Qe 404 preferably includes a first shoulder 406 
surrounded by first and second recesses 408 and 410, 
and a second shoulder 407 surrounded by second 
recess 410 and a third recess 411. Temporary no-go 
assembly 400 generally includes a mandrel 412 and an 
inner mandrel 414 disposed within mandrel 412. 
[0066] Mandrel 412 preferably has a upper portion 
412a, a central portion 41 2b, and a lower portion 412c. 
Each of portions 412a. 412b, and 412c have a generally 
cylindrical axial bore 413. Axial bore 413 has an annular 
shoulder 415. Upper portion 412a and lower portion 
412c have a generally cylindrical external surface 416. 
[0067] As shown best in FIG 12. central portion 412b 
preferably has an externa) surface 418 with a generally 
triangular geometry. Triangular external surface 418 
may be formed by machining flats 418a on a generally 
cylindrical surface. Rats 41 8a allow fluid to bypass tem- 
porary no-go assembly 400 when it is engaged with nip- 
ple 402. A plurality of slots 420 are formed in external 
surface 418, and a key assembly 422 and a spacer 
member 424 are deposed within each slot 420. Slots 
420 are preferably formed in comers 418b of external 
surface 418. A threaded hole 426 within each spacer 
member 424 receives a threaded pin (not shown) to 
secure each spacer member 424 within its respective 
slot 420. As shown best in FIG. 12, each slot 420 
includes a portion 420a extending through to axial bore 
413. Each slot 420 also includes a threaded port 428 
extending through to axial bore 413. Of course, external 
surface 418 may have a different polygonal geometry, 
with a different number of slots and key assemblies, 
than that shown in FIGS. 1 1 and 12. 
[0068] Mandrel 41 2 has threads 430 on Hs upper end 
for removably engaging with a tod Joint 432. Tool joint 

432 couples mandrel 41 2 to a work string (not shown) in 
the conventional manner. Mandrel 41 2 also has threads 

433 on its lower end for removably engaging with a tool 
joint in a work string (not shown) in the conventional 
manner. 

[0069] Inner mandrel 414 preferably has a generally 
cylindrical external surface 434 and a cylindrical axial 
bore 436. External surface 434 has an annular shoulder 
438 for mating with annular shoulder 415 of axial bore 
413 of mandrel 412. External surface 434 also has ports 
440. Ports 440 are preferably located around the cir- 



9 



17 



EP 0.921 267 A2 



18 



cumference of Inner mandrel 414 so as to cooperate 
with threaded ports 428 of slots 420. Shear pins 442 are 
removably disposed in threaded ports 440 and threaded 
ports 428. External surface 434 further has an annular 
recess 444 for receiving key assemblies 422. Annular 5 
recesses 444 are preferably located around the circum- 
ference of inner mandrel 414 so as to cooperate with 
portion 420a of slots 420. Upper end 446 of inner man- 
drel 414 has a larger cross-sectional area Au than a 
cross-sectional area A! of a lower end 448. 0-rings 450 10 
and 452 fluidly seal inner mandrel 414 to axial bore 41 3 
of mandrel 412, and o-rings 454 and 456 ftuidJy seal 
inner mandrel 414 to axial bore 413 of mandrel 412. 
[0070] As shown In FIGS. 11. 12. 13A, and 13B. each 
key assembly 422 generally includes a key retractor 458 is 
and a key 460. Each key retractor 458 preferably has a 
retaining web portion 458a with a flange 458b received 
in annular recess 444 of inner mandrel 414. Each key 
retractor 458 also preferably has retractor arms 458c 
and 458d. Each key 460 preferably hasgjeegt ,460a, 20 
460b. and 460c and cam surfaces 460d and 460a 
Teeth 460a-c are designed to interface with profile 404 
of nipple 402 of main wellbore casing 104. As shown in 
FIG. 1 1 . teeth 460a support temporary no-go assembly 
400 on shoulder 406 of profile 404. Cam surfaces 460d 2s 
and 460e interface with retractor arms 458c and 458d of 
key retractor 458. respectively. Although not shown in 
FIG. 1 1 . each key 460 is biased radially outwardly from 
slot 420 by a spring or springs, as is conventional. Alter- 
natively, each key 460 may be biased radially outward so 
from slot 420 by a hydraulic piston or pistons. Such 
hydraulic pistons may not be expanded until key assem- 
blies 422 are proximate nipple 402. so as to prevent key 
assemblies 422 from riding on main welbore casing 
104. In addition, each key 460 may be formed from a 35 
spring steel, spring steel alloy, or other conventional 
spring material to facilitate the expansion and retraction 
of keys by the hydraulic pistons. Furthermore, each key 
460 formed from a spring material may have a plurality 
of slots formed therein so as to optimize the spring force 40 
of the key. Of course, each key 460 may have a different 
number of teeth, and nipple 402 may be formed with a 
different profile 404. than shown in FIG. 11. 
[0071] Referring to FIGS. 5, 6, 11, 12, 13A, and 13B 
in combination, temporary no-go assembly 400 may be 45 
coupled on the work string having orientation nipple 
202, packer 204. hollow whipstock 206, pilot lug 208, 
running tool 210, and orientation sub 212, preferably via 
threads 433. The depth of nipple 402, and thus the rela- 
tive distance between nipple 402 and target depth 24a. so 
are known. Therefore, the work string may be formed so 
that pilot lug 208 is positioned at target depth 24a when 
key assemblies 422 are engaged in nipple 402. Packer 
204 is preferably a packer which is initially hydraulically 
set with a relatively low pressure, and is then fully set ss 
with a relatively high mechanical force created by trans- 
ferring weight from the rig hoist system supporting the 
work string and/or additional hydraulic pressure. 



[0072] When key assemblies 422 are engaged in nip- 
ple 402. the following steps are preferably performed to 
precisely locate pilot lug 208 at target depth 24a. First, 
using conventional techniques, the work string, key 
assemblies 422. and pilot lug 208 are oriented to the 
desired relationship with the high side of main wellbore 
200 by orientation sub 212 and a wire-line survey tool or 
work string conveyed MWD tool. Second, some work 
siring weight is used to cause key assemblies 422 to 
bear down on nipple 402, such as, by way of example, 
releasing tension in the conventional rig hoist system on 
semi-submersible 14 supporting the work siring. This 
transfer of work string weight positively locates tempo- 
rary no-go assembly 400 axlalry and rotationaOy. More 
specifically, the transfer of work string weight causes 
teeth 460a to bear down on the upper end of shoulder 
406 of profile 404, loading keys 460. Third, the orienta- 
tion of the work string and thus pilot lug 208 within main * 
wellbore casing 104 are verified to be within a specified 
range. Fourth, the work string is pressured up so as to 
perform the initial setting of packer 204. The pressure 
necessary to perform this initial setting is preferably low 
enough so as to minimize or eliminate any Taallooning 
effect" and/or stretching of the work string below nipple 
402. Fifth, the pressure in the work string is increased, 
and a pressure differential created by the varying cross- 
sectional areas Au and Al of inner mandrel 414 causes 
inner mandrel 414 to begin sliding downward within 
mandrel 412. As inner mandrel 414 begins to slide 
downward, shear pins 442 are sheared, and key retrac- 
tors 458 retract keys 460 from nipple 402. More specifi- 
cally, cam surfaces 460d and 460e cooperate with 
retractor arms 458c and 458d so as to retract teeth 
460 a-c from recesses 408, 41 0. and 41 1 . Keys 460 are 
now unloaded, and annular shoulder 438 of inner man- 
drel 414 rests against annular shoulder 415 of mandrel 
412. Sixth, additional work string weight is transferred 
from the rig hoist system to fully set packer 204. As will 
be appreciated by one skilled in the art, such weight is 
transmitted through mandrel 412, past nipple 402, and 
eventually to packer 204 because of the retraction and 
unloading of keys 460. Alternatively, if packer 204 is 
solely hydraulically set, the work string may be pres- 
sured up to a point where key 460 is retracted and 
packer 204 is fully set in a single step. 
[0073] As will also be appreciated by one skilled in the 
art, the work string weight transferred to key assemblies 
422 may be removed after packer 204 is initially set but 
before keys 460 are retracted, if desired. As will further 
be appreciated by one skilled in the art, the orientation 
of inner mandrel 414, the associated structure of man- 
drel 412, key r e tractors 458, and cam surfaces 460d 
and 460e may be reversed or turned "upside down" 
from the orientation shown in FIG. 1 1 . Therefore, upon 
appropriate pressurization of the work string, inner 
mandrel 414 may slide upward, instead of downward, 
within mandrel 412 so as to retract and unload keys 
460. 
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[0074] Significantly, unlike conventional fixed no-go 
sleeve 32 of FIG. 2, it is not necessary to lift temporary 
no-go assembly 400 above a shoulder within main well- 
bore casing 104 so as to fully set packer 204. Therefore, 
temporary no-go assembly 400 avoids the inaccuracies 5 
associated with such Offing that would endanger the 
successful milling of a window in main wellbore casing 
104 exactly at target depth 24a. In addition, unlike con- 
ventional fixed no-go sleeve 32 of FIG. 2, the work string 
may be moved downhole past nipple 402 without bring- w 
ing the work string top hde to remove temporary no-go 
assembly 400. The ability to not have to remove tempo- 
rary no-go assembly 400 allows milling or other down- 
hole operations to proceed and minimizes the number 
of work string trips into the well. Furthermore, in con- 1S 
trast to fixed no-go sleeve 32 and temporary no-go 
assemblies 100 and 300, temporary no-go assembly 
400 does not require a narrowing of the inner diameter 
of main wellbore casing 104 due to a no-go shoulder. In 
downhole processes that require milling of m^rFwen— -20 
bore casing 104, or in downhole processes where inner 
casing diameter is critical, the lack of a no-go shoulder 
is especially advantageous. 

[0075] Referring now to FIGS. 7, 8, 11, 12, 13A, and 
13B in combination, temporary no-go assembly 400 2s 
may be coupled to work string 227 having mill anchor 
222 and mill guide 224, preferably via threads 433. The 
depth of nipple 402, and thus the relative distance 
between nipple 402 and target depth 24b, are known. 
Therefore, the work string may be formed so that mill so 
anchor 222 is positioned at target depth 24b when key 
assemblies 422 are engaged in nipple 402. 
[0076] Mill anchor 222 is preferably initially hydrauli- 
cady set with a relatively low pressure, and is then fully 
set with a relatively high mechanical force created by 38 
transferring weight from the rig hoist system supporting 
the work string. Alternatively, mill anchor may be solely 
hydrauiicaDy set. Therefore, using procedures substan- 
tially identical to the procedures described above in 
connection with pilot lug 208, temporary no-go assem- 40 
bly 400 may be used to precisely locate mill anchor 222 
exactly at target depth 24b, without the above-described 
disadvantages of conventional fixed no-go sleeve 32 of 
FIG. 2. 

[0077] Referring to FIGS. 1 4 and 1 5, a temporary no- 45 
go assembly 500 for interfacing with a no-go shoulder 
102 within main wellbore casing 104 according to a 
fourth preferred embodiment of the present invention is 
illustrated. Above no-go shoulder 102, main wellbore 
casing 104 has an inner diameter 105a. Below no-go so 
shoulder 102, main wellbore casing 104 has an inner 
diameter 105b, which is smaller than inner diameter 
105a. No-go shoulder 102 is preferably conical. 
[0078] Temporary no-go assembly 500 generally 
includes a mandrel 512 and an inner mandrel 514 die- 55 
posed within mandrel 512. Mandrel 512 preferably has 
a substantially identical structure to mandrel 412 of tem- 
porary no-go assembly 400 Similarly, inner mandrel 51 4 



preferably has a substantially identical structure to inner 
mandrel 414 of temporary no-go assembly 400. As is 
explained in greater detail hereinbelow, te mporar y no- 
go assembly 500 has key assemblies 522 that are simi- 
lar to, but contain some modifications from, key assem- 
blies 422 of temporary no-go assembly 400. 
[0079] Each key assembly 522 generally includes a 
key retractor 558 and a key 560. Each key retractor 558 
preferably has a retaining web portion 558a with a 
flange 558b received in annular recess 444 of inner 
mandrel 514. Each key retractor 558 also preferably has 
retractor arms 558c and 558d. Key retractor 558 is pref- 
erably identical to, and thus interchangeable with, key 
retractor 458 of temporary no-go assembly 400. 
[0080] Each key 560 preferably has cam surfaces 
560a and 560b. Cam surfaces 560a and 560b interface 
with retractor arms 558c and 558d of key retractor 556, 
respectively. Each key 560 preferably also has an upper 
portion 562 designed to engage no-go shoulder 102 of 
main weObore casing 104. Each upper portion 562 pref- 
erably has a conical external surface 564 for mating with 
no-go shoulder 102. Each upper portion 562 also pref- 
erably engages spacer member 424 to help secure key 
560 in slot 420. Each key 560 preferably further has a 
lower portion 565 designed to engage an upper portion 
566 of a spacer member 568 to help secure key 560 
within slot 420. A threaded hole 572 receives a 
threaded pin (not shown) to secure spacer member 568 
within slot 422. Although not shown in FIG. 14. each key 
560 is biased radially outwardly from slot 420 by a 
spring or springs, as is conventional. Alternatively, each 
key 560 may be biased radially outward from slot 420 by 
a hydraulic piston or pistons. Such hydraulic pistons 
may not be expanded until key assemblies 522 are 
proximate no-go shoulder 102. so as to prevent key 
assemblies 522 from riding on main wellbore casing 
104. In addition, each key 560 may be formed from a 
spring steel, spring steel alloy, or other conventional 
spring material to facilitate the expansion and retraction 
of keys by the hydraulic pistons. Furthermore, each key 
560 formed from a spring material may have a plurality 
of slots formed therein so as to optimize the spring force 
of the key. 

[0081] Referring to FIGS. 5, 6, 14, and 1 5 in combina- 
tion, temporary no-go assembly 500 may be coupled on 
the work string having orientation nipple 202, packer 
204, hollow whipstock 206. pilot lug 208, running tool 
210, and orientation sub 212, preferably via threads 
433. The depth of no-go shoulder 102, and thus the rel- 
ative distance between no-go shoulder 102 and target 
depth 24a, are known. Therefore, the work string may 
be formed so that pilot lug 208 is positioned at target 
depth 24a when key assemblies 522 rest on no-go 
shoulder 102. Packer 204 is preferably a packer which is 
initially hydraufically set with a relatively low pressure, 
and is then fuDy set with a relatively high mechanical 
force created by transferring weight from the rig hoist 
system supporting the work string and/or additional 
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hydraulic pressure. 

[0082] When key assemblies 522 rest on no-go shoul- 
der 102, the following steps are preferably performed to 
precisely locate pilot lug 208 at target depth 24a. First 
using conventional techniques, the work string, key s 
assemblies 522, and pilot lug 208 are oriented to the 
desired relationship with the high side of main wellbore 
200 by orientation sub 212 and a wire-line survey tool or 
work string conveyed MWD tod. Second, some work 
string weight is used to cause key assemblies 522 to 10 
bear down on no-go shoulder 102, such as, by way of 
example, releasing tension in the conventional rig hoist 
system on semi-submersible 14 supporting the work 
string. This transfer of work string weight positively 
locates temporary no-go assembly 500 axial ly and rota- is 
tionaily. More specifically, the transfer of work string 
weight causes external surface 564 of upper portions 
562 of keys 560 to bear down on no-go shoulder 102, 
loading keys 560. Third, the orientation of the work 
string and thus pilot lug 208 within main wellbore casing 20 
104 are verified to be within a specified range. Fourth, 
the work string is pressured up so as to perform the ini- 
tial setting of packer 204. The pressure necessary to 
perform this initial setting is preferably low enough so as 
to minimize or eliminate any "ballooning effect" and/or 25 
stretching of the work string below no-go shoulder 102. 
Fifth, the pressure in the work string is increased, and a 
pressure differential created by the varying cross-sec- 
tional areas Au and Al of inner mandrel 514 causes 
inner mandrel 514 to begin sliding downward within so 
mandrel 512. As inner mandrel 514 begins to slide 
downward, shear pins 442 are sheared, and key retrac- 
tors 558 retract keys 560 away from no-go shoulder 
102. More specifically, cam surfaces 560a and 560b 
cooperate with retractor arms 558c and 558d so as to ss 
retract upper portions 562 of keys 560 radially inward. 
Keys 560 are now unloaded, and annular shoulder 438 
of inner mandrel 51 4 rests against annular shoulder 41 5 
of mandrel 512. Sixth, additional work string weight is 
transferred from the rig hoist system to fully set packer 40 
204. As will be appreciated by one skilled in the art, 
such weight is transmitted through mandrel 512. past 
no-go shoulder 102, and eventually to packer 204 
because of the retraction and unloading of keys 560. 
Alternatively, H packer 204 is solely hydraidicaily set, the 4s 
work string may be pressured up to a point where key 
560 is retracted and packer 204 is fully set in a single 
step. As wiQ also be appreciated by one skilled in the 
art, the work string weight transferred to key assemblies 
522 may be removed after packer 204 is initially set but so 
before keys 560 are retracted, if desired. 
[0083] Significantly, unlike conventional fixed no-go 
sleeve 32 of FIG. 2, it is not necessary to lift temporary 
no-go assembly 500 above no-go shoulder 102 so as to 
fully set packer 204. Therefore, temporary no-go ss 
assembly 500 avoids the inaccuracies associated with 
such lifting that would endanger the successful mining 
of a window in main wellbore casing 104 exactly at tar- 



get depth 24a. In addition, unlike conventional fixed no- 
go sleeve 32 of FIG. 2, and the work string may be 
moved downhoie past no-go shoulder 102 without 
bringing the work string top hole to remove temporary 
no-go assembly 500. The ability to not have to remove 
temporary no-go assembly 500 allows milling or other 
downhoie operations to proceed and minimizes the 
number of work string trips into the well. 

[0084] Referring now to FIGS. 7. 8. 14, and 15 in com- 
bination, temporary no-go assembly 500 may be cou- 
pled to work string 227 having mill anchor 222 and mill 
guide 224, preferably via threads 433. The depth of no- 
go shoulder 1 02, and thus the relative distance between 
no-go shoulder 102 and target depth 24b, are known. 
Therefore, the work string may be formed so that mill 
anchor 222 is positioned at target depth 24b when key 
assemblies 522 rest on no-go shoulder 102. 
[0085] Mill anchor 222 is preferably initially hydraufi- 
caily set with a relatively low pressure, and is then fully 
set with a relatively high mechanicahforce created by 
transferring weight from the rig hoist system supporting 
the work string. Alternatively, mill anchor may be solely 
hydraulicaOy set Therefore, using procedures substan- 
tially identical to the procedures described above in 
connection with pilot lug 208, temporary no-go assem- 
bly 500 may be used to precisely located mill anchor 
222 exactly at target depth 24b, without the above- 
described disadvantages of conventional fixed no-go 
sleeve 32 of FIG. 2. 

[0086] From the above, one skilled in the art will 
appreciate that the present invention provides improved 
apparatus and methods for precisely locating downhoie 
tools relative to a predetermined target depth. The 
apparatus and methods of the present invention are 
economical to manufacture and use in a variety of 
downhoie applications. 

[0087] ft will be appreciated that the invention 
described above may be modified. For example, numer- 
ous geometries and/or relative dimensions could be 
altered to accommodate specific applications of the 
present invention. As another example, although the 
present invention has been described in connection 
with the precision locating of multilateral weil downhoie 
tools such as a packer and hollow whipstock, or a mill 
anchor and mill guide, the present invention is fully 
operable with a wide variety of conventional downhoie 
tools. As a further example, although when the present 
invention is used to precisely locate a packer and hollow 
whipstock, or a mill anchor and mill guide, the no-go 
shoulder or nipple within the casing is preferably located 
above the target depth, the no-go shoulder or nipple 
within the casing may be located above or below the tar- 
get depth when using the present invention with other 
downhoie tools or processes. As a further example, the 
step of orienting a pilot lug or a mid anchor/mill guide to 
the desired relationship with the high side of a main 
wellbore, and the step of verifying such orientation, may 
not be required when the present invention is used with 
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other down hole tools or processes. As a further exam- 
ple, although the present invention has been described 
in connection with the drilling and completion of an off- 
shore, multilateral well from a floating drilling rig, it is 
fully applicable to the drilling and completion of offshore, s 
vertical wells from a floating drilling rig. As a further 
example, the present invention is also applicable to the 
drilling and completion of offshore wells from a fixed 
platform, and to the drilling and completion of on-shore 
wells in situations where conventional gamma ray sur- to 
vey tools cannot accurately position a downhole tool rel- 
ative to a predetermined target depth. 

Claims 

15 

1 . A temporary no-go assembly (100) for use in locat- 
ing a downhole tool at a predetermined target depth 
in a casing (1 04) having a no-go shoulder (1 02), the 
assembly (100) comprising: a no-go sleeve (106) 

for interfacing with the no-go shoulder (102); and an 20 
actuating system for releasing the assembly (100) 
from the no-go sleeve (106). 

2. A temporary no-go assembly (100) according to 
claim 1 , wherein the no-go sleeve (1 06) has a first 25 
slot (116) formed therein, wherein the assembly 
(100) further comprises a mandrel (108) disposed 
within the no-90 sleeve (106) and having a second 
slot (138) formed therein proximate the first slot 
(116), and wherein the actuating system comprises so 
an inner mandrel (1 10) disposed within the mandrel 
(108) and a lug (118) disposed within the f irst and 
second slots (116,138), the inner mandrel (110) 
having a first end (148) with a first cross-sectional 
area (Au) and a second end (150) with a second 35 
cross-sectional area (Al) smaller than the first 
cross-sectional area (Au). 

3. A temporary no-go assembly (100) according to 
claim 2, wherein a first portion of the no-go sleeve 40 
(106) has an external surface (112) which allows 
fluid to by-pass the no-go sleeve (106) when the no- 
go sleeve (106) interfaces with the no-go shoulder 
(102). 

45 

4. A method of locating a downhole tool at a predeter- 
mined target depth in a well, comprising the steps 
of: forming a no-go shoulder (102) in a casing 
(104); coupling a downhole tool, an anchoring sys- 
tem, and a temporary no-go assembly (100) so 
according to claim 1, 2 or 3 to a work string; and 
running the work string into the casing (104) until 

the no-go sleeve (106) rests on the no-go shoulder 
(102). 

ss 

5. A temporary no-go assembly (400) for use in locat- 
ing a downhole tool at a predetermined target depth 
in a casing (104) having a landing nipple (402), the 



assembly (400) comprising: a key (460) for engag- 
ing the nipple (402); and a key retractor (458) for 
retracting the key (460) from the nipple (402). 

6. A temporary no-go assembly (500) for use in locat- 
ing a downhole tool at a predetermined target depth 
In a casing (104), the casing (104) having a no-go 
shoulder (102), the assembly (500) comprising: a 
key (560) for interfacing with the no-go shoulder 
(1 02); and a key retractor (558) for retracting the 
key (560) from the no-go shoulder (102). 

7. A temporary no-go assembly (400, 500) according 
to claim 5 or 6, further comprising a mandrel 
(412,512), and an inner mandrel (414,514) dis- 
posed within the mandrel (41 2,51 2). the inner man- 
drel (414,514) having a first end (446) with a first 
cross-sectional area (Au) and a second end (448) 
with a second cross-sectional area ( Al) smaller than 
the first cross-sectional area (Au), ar^ Wverein the 
key retractor (458,558) is coupled to the inner man- 
drel (414,514) and is disposed in the mandrel 
(412,512). 

8. A temporary no-go assembly (400,500) according 
to claim 5, 6 or 7, wherein the key retractor 
(458,558) comprises: a retaining web portion 
(458a) coupled to the inner mandrel (414.514) and 
a retractor arm (458c). 

9. A method of locating a downhole tool at a predeter- 
mined target depth in a well, comprising the steps 
of: forming a landing nipple (402) in a casing (104); 
coupling a downhole tool, an anchoring system, 
and a temporary no-go assembly (400) according 
to claim 5, or to claim 7 or 8 when dependent upon 
claim 5, to a work string: and running the work 
string into the casing (104) until the key (460) 
engages the nipple (402). 

10. A method of locating a downhole tool at a predeter- 
mined target depth in a well, comprising the steps 
of: forming a no-go shoulder (102) in a casing 
(104); coupling a downhole tool, an anchoring sys- 
tem, and a temporary no-go assembly (500) 
according to claim 6, or to claim 7 or 8 when 
dependent upon claim 6, to a work string; and run- 
ning the work string into the casing (104) until the 
key (558) engages the no-go shoulder (102). 
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FIG. I 
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FIG. 3 
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FIG. 1 1 
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